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Zone 1-

Aspects pf Zone 1: Licensed/non-licensed. low to high speed dara r.l.tes.
wideband Jal.'l. no hand-off. little mobility, small ceU.

Applic;lljQn environmenr:

Indoor Office I Home

Wireless LAJ.'l' (primarily an indoor service. Can be

inJoor/outdoor)

Short haul video (e.g.: VCR extenders)

• Zone 2 -

Mm:c[1' of Zone 2: Low speed. small cells. low to medium speed tlat.1
rates. lic:=nsedlnon-licensed.

ArmliciHinn environment:

Outdoor:

Outdoor Pedestrian (e.g.• Telepoint. PBX c:unpus
environment)

Outdoor fixed (e.g.• wireless local loop)

Indoor:

Indoor Commercw (e.g.• public access service at mall/airport)

Indoor Residential (e.g.• corcUess)

Indoor Office (e.g.• PBX. shared tenant)

Passenger Relays (e.g.• bus. train. subway. cruise ship)

Specialized Aeronnutical Pnssenger Communie:uions(APC)4

• Zone 3 -

Aspects of Zone 3: High speed (e.g. accommodate vehicular speed
handover). large cells. low to medium speed data rates. licensed. (Note:
this does not preclude non-licensed use of this zone.)

Applicmion environment:

Vehicular ( e.g.• cellular like)
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Rum! (more power/wider ceU)

Zone ~ •

Mpecr~ of Zone 4 - Satellite based. high speed. regional to global
coverage. low to high speed data rateS. licensed.

AppliCjujQn environment:

LEO Satellite

GEO Satellite

Aeronautical Communication (air to ground. passenger co ground
via on-boned relay).

3.3.4.2 Generai Aspects of All Zones

The zonal model is a layered model for the grouping of the
environments. See Figure 3.3.2 for the conceptual drawing';.

"Indoors" implies location of bnse sration is generally indoor although
access may be avaiI.1ble from outside.

Services are not limited to voice but C:lll include voiceband data. video.
imaging. and facsimile services.

Traffic density varies in each zone dependent on applications.
technology. infrastructure and distribution of users.

3.3.5 Task 4: Comparison and Evaluation of Common Air Interfaces for PCS App Ucations

3.3.5.1 Recommendations

The JTC will strive to compare technologies.

An optimal system will operate well across multiple environments
and zones.

In Comparing Systems:

Systems should be able to be defined with a layered approach
similar to the layered OSI model
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Systems should be b.1Sed on existing smndard protocols when
ever possible.

The JTC should have the flexibility to mix and match technologies
and system parnmeters to define optimal system(s).

The following is an ex:unple of how the JTC might compare Air
Interf:lCes:

Systems should first be identified for the application
environment(s) under which they will operntc.

Compmison of systems should only be done between systems
to opernce under the s.we application environment(s).

Each opernting environment should have a compnrison matrix.

The rninimum set of customer services and features genernted
by the !EM should be included in any performance
comparison.
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3.4 Related to Objective 4

3.4.1 Introduction

3.4.2 Issues and Discussions

JEM on PeS AI, In**-Sl8ndwde

Objective~: Reach consensus on an industry-needs
driven schedule for required air interface Standards.

The ten (10) contributions received in Objective 4 were assembled into
thre~ distinct Co1tegories. The first c:uegory of contributions was
furnished for infonnation and gave the JEz,,-1 .1 timeline for standards
development from .1 user's prospet:cve. The second grouping dealt with
network :lrChitecrures and provided a network mood template which was
ultimaeely adopted as the Common Reference ..i.rchieecrure z..'fo<1eJ.

The third grouping of contributions was primarily concemeli with the
meehodology of comparing :U1d evaluating one or multiple :tir interfaces
and the time requirements for the development of those interfaces. In
addiejon. information of a work plan was subrnicrcd by CCIR.

• Develop and recommend a network reference model ­
Discussion took place regarding the Functional Network
Reference Model Templme. It was noted that this template
representS a high-level view of the network reference model
common talk pointS. There was consensus. and the template
was accepted as the basis for the development of all network
reference models. We should focus on the interfaces used in
the reference models. The model was renamed the Common
Reference Archirecrure,'1vfodel.

31



.lEMon PCSAlrln.....~.

Figure 3.4.1 Functional Network Reference Madel Template

Common Reference Architecture Model (CRAM) identifies
and Jetint:s general functionaJities required to provide switched
telecommunic:llions services employing tenninnl and personal
mobility to wireu and wireless tenninnls. and provides access
co OA:-'1&? and <mta interworking cllpabilities l1S well as
imerconnt:ction to oilier systems and networks.

The CRAM may be used to facilitate further discussion
bo;:twt.:l:n various groups developing reference
archieectutt.:s/models and interf:u:es which provide for personnl
communic:nions. The CRAM functionnlities are identified
within contribution TR45JEM/92.11.09.251 (TIP1/92·251).

The CRAM does not preclude additional interfaces that have
been iUt.:ntitied by smnd.'lI'ds bodies. but are not shown in this
high-level view.

• Iden tify and describe interfaces depicted in model­
Questions were rnised as to how the interfaces should be
lahekd. It was decided to refer to e:lCh interface by number and
the associ:ued functional blocks.
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"I" is the interface between Radio Terminals and Radio Access.

.'::" is the interface between Radio Access and COlltrol and
Switching6.

"3" is the interface between Wired Terminal:md Wired Access.

"~ .. is the interface between Wired Access and CO/flrol and
Switchillg.

"5" is the interface between Control and SwitchiJig :md Mobility
MQI/agemel/l.

"6" is the interface between COfltrol and Swire/rillg and
l)Qlollnter-vorking.

"7" is the interface between COfltrol and Switching and OMrf & P.

"3" is the interface between COl/lrol alld Switchillg and Otiler
Systems.

"9" is the interface between Control and Switching and Other
Ner.vorks.

Identify :lDd recommend specific st:lndnrds to be
developed •

It was nOled that the group has to design the basic service fU'St
(wireless PLAIN OLD TELEPHONE SERVICE (POTS».
The concern was that the PCS SIMd.-lrd Development group
may loose sight of the users nt:eds and the service providers'
objectives. This group must first focus on b.1Sic functionality.
A list of the basic functionalities to be provided over all
relev:mt interfaces include:

1. Security - System/Air Interface

2. Aulhentication

3. Mobility - personnl and tenninnl

4. Origination/termination

5. Roaming

6. Hnndover

7. Be:ver services

8. Performance requirements

9. Registration

10. Location

'TIl. jlllerface haa .... laIIeIM A alld Al by eTtA: A allCl AI by TRJS; C. F...... P by "Pt and C and P by TelocllOt iA theirardlilecftll'll refeftnCII mocIels ­
s.. TllJS.JISM/91.11.QI,u1 m Pt /92-2$1).
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11. Power Managemtnt

12. M.'linttn:mce and Diagnostics

13. Call Data Recording

14. Adaptnbility

15. BackwardIForwnrd Compatibility

Recommend the sequence of interface development.

Discussion continued on what interfaces should be addressed
tirsr. Discussion began with Interface 1. Discussion quickly
moved ontO Inrerface 2. Evenrually discussion drifted onto the
order in which tht:se interfac~ should be addressed. There was
consensus thar the sran'llIrds groups should address Interfaces I
and 2 immediately and in pnra1ld bec.1use they may require the
most dIort. rt may also be necessnry to immediatcly address
mher inrert:1ce srand..1fds mand.1led by the FCC.

Identify Interdependencies •

It was determined thm all intertaces need to be addrcsseLl in
p.11'a11el by the srMdards bodies.

Coordination of development is required due to the
commonality of basic functionality that needs to be provided
across all these intert:1ces. PCS stanchlrds should bt developed
using a systems engineering approach.

Estimate time to draft standards and compare lvith
market needs time line •

In response to tht JErvrs objtctive to identify the "relative
timing of PCS stMdards based on industry nteds", Telocator
presented the timeline diagram of Contribution
TR45.JEMI92.ll.09.230(TIP1/92·230). This timeline is
based on estimates of the cL.'ltes at which the FCC will
accomplish the major milestonts nectssary to reach tht
awarding of PCS licenses. Based on the assumption of
services starting in 1995. the analysis concluded that PCS
stand.1fds need to be defined expeditiously in order to complete
them by tht ~nd of 1993 (at least rendy forballotingj.

In tenns of the CRAM. this timeline implies thac Interfaces 1
and 2 nrt: of the highest priority. Although the other interfaces
are not of the same priority as Interfaccs 1 and 2. it is
recognized thut pnrnllel effortS must occur on these interfaces
to support the introduction of PeS.

Also, it is recognized that. dependent on market needs. other
intt:rfnces mny need to re dermed. and thnt the CRAM does not
preclude the definition of these interfaces.

The fEM recognized that this was a reasonable analysis of the
PCS industry situmion as of the fall of 1992. However. it
also recognized that the industry's regulatory environment is
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3.4..3 Recommendations

1.

.,...

...
:>.

4.

5.

6.

JEM 011 PCS Air In...Sl8ndMd.

dynamic and will probably continue to change. 111US the JEM
accepted the tim~line presented in Contribution
TR45.JEM/92.11.09.230 (TlPI/92-230) as the current
as.sessment of Lhe industry needs. with the recommendation
thne t.h~ responsible srand..u'ds bodies (including the JTC7. in
the case 'Jf air interface stand.'U'ds) be prepared to accept new
inputs on the industry's needs <lS regulatory schedules chnnge.

In order to develop a sL.wd..vdized nir inrerface within a re:JSonable
time frame. it is recommended that existing air interfaces as well
as rel:ued inrerf~lce standards be evaluated for their applicability to
pcs.

If there are going to be multiple air interfaces. the methouoIogy
described in conrribution TR45JEMI92.11.09.235 (TIPI/92-235)
might be used for evaluation of those interfaces.

Imerface 1 should be standardized consistent with industry
requirements. In addition. the other interfaces as detined by the
CRA\{. should be developed in parn11el with interface 1 because
they are interdependent

It was noted that there may be a need to hold a !EM to discuss
interfaces other than the air inrerface. As areas of duplicncion
betWeen various stancL.1rds bodies are identified. additionnl JEMs or
JTCs might be recommended.

Based on an analysis by Telocator. PCS smncL.vds need to be
substantially completed by the end of 1993 (at least ready for
bnlloting). Interfaces 1and 2 were deemed to be highest priority.
and were regarded as being needed by 4Q 1993. The JEM
recognized that this was a re.'\Sonable analysis of the pes industry
situation as of [he fall of 1992. However. it also recognized that
the industry's regulatory environment is dynamic and will
probably continue to change. Thus. the !EM accepted the
timeline of contribution TR45JEM/92.11.09.230 (TIPI/92-230)
shown in Figure 3.4.2 as the current assessment of industry needs.
with the recommencL.'ltion that the responsible stand.'U'ds bodies
(including the lTC. in the c:JSe of nir interface stand.vds) be
prepared to accept new inputs on industry's ne~ds as regulatory
schedules change.

It was recommended that the following process is appropriate for
development of air interfaces smndnrds for pes and may be used
as the method of evaluation. This process is based on the idea of
'top-down' design. and placing priority on assuring that mnrket·
based service needs are addressed early in the development process.

7 T1le aafftftt scope"'" ellA..... of the JTC ;'10 Illicl... lhe lower ~yeft oIlhe Air Iftteri_
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Process ror Development or air interface standard

1. Definition of services ror Iice'nsed and non-licensed
bands.

The rndio interface must be capable of supporting all the
services requirements in various environments. An e:tnmple of
a set of service requirements can be found in "Standard
Requirements Document" for Personal Communication
S~rvices prepared by the Tdoc:1tor PCS Technical and
Engineering Committee. In this pha.se of the process. system
capabilities should also be addressed. E~nmples of system
capabilhics are security. billing integrity. mobility
management. etc.

2. Operational issues

At this stage of the process opcr:uionnl issues need to be
considered. Examples of oper:uionnl issues thar need to be
addressed :Ire:

Spectrum: TIle impact of shnring etiqueue(s) and spectrum
requirements for various applic.'lQons should be considered.
The possible impact of spectrum sharing methodologies
on the air interface should be included.

Imerworking: Incerworking is the ability of a handset to
accesS different networks that have a common air
interface.

Inceroperability: Interopernbiliry is the ability of a Imndset
to opernte in different networks with unlike air interfaces.

Equipment approval: Consideration should be given to the
possibility that parts of the air interface specification
might be subject to authorization or approval of
regulatory bodies.

3. Performance Requirements/lHarket Issues

The most bnsic perfonnance requirements for future pes air
interface SI.'lnd.'U"ds should be identified and used as ground rules
for the development of the air interface stuldard. Technologies
under consideration must meet these minimum performance
requirements. Development of air inrert:,ce smnd.vds should be
prioritized according to mmicet demands for inionl products.
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4. SUMMARY

JEUon PCS AirIn~~

This summary highlighrs the output from the discussions on the !EM
objectives. 11le actual rccommend..'l.tions can be found at the end of the
respective objective sections.

The IEy[ agreed that indoor residence. indoor office. indoor
commercial. outdoor vehicular. outdoor pedestrian. and wireless loop
environments could impact r:1dio systems and air interface design.
Some services and capabilities impact the design of the PCS air
imerface and its design should nIlow graceful evolution (0 support
future services and cnpabiliries.

The IE:',[ produced n set of minimum service capabilities for voice
and u.'l.t.1 services which. in many cases. can and should be e:r:ceeded.

The IE:-'[ recommends thnt the Air Interface be defined so as to enable
the cost effective design of a terminal that could be used both in
licenseu and non-licensed bands. A comprehensive study of the
applicability of a v:uiety of proposed air intert:'1ces to their respective
oper:1ung environment should be completed.

The JEM agreed thnt it appears thnt a single air intert:'lce should be
technically feasible for office (WPBX/CENTREX). home (including
multi-tenant). fixed local loop and pedestrian (indoor/outdoor)
environments. It MIS determined thac the vehicular environment pl..'lces
additional requirements on the air interface.

A set of recommendations were genermed in connection with spectrum
sharing.

The lEY[ found that although it was desirable to have a single air
interface. it was unlikely rhm a single air interface that met ail
requirements could be achieved. Multiple Air Inrerfaces are likely and
expected. The remaining issue is selecting the minimum number of air
interfaces.

The lEY[ recommended a method of comparing air interfaces that could
be implemented in advance of the FCC rulemaJdng. It is the
responsibility of the service providers to weigh the strengths and
weakness of the proposed Air Interfaces in accordance ro their view of
their subscriber requirements and their business stI':ltegy. To actually
perfonn the weighting and selection of an air interface requires a defIIlite
FCC rulemaking prior to implementation.

The lEY[ agreed on the need for substantially completed stMd.'U'ds for
PCS by the end of 1993. Particularly Interfaces 1 and 2 require high
priority. and p..'lrallel development of the other interfaces are needed for
completion by 4Q 1993. Methodologies were suggested for evaluation
of multiple air interfaces and for the development of PeS air interfaces
stand.'U'ds.
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The !EM suggested evaluating existing air intertaces and relnted
sWldm'ds for applicability to pes. and that identification of areas of
duplicmian between different st.'Uld:1rds groups may require calling
additionnl ~vfs or JTCs.

The meeting was conducted in accordance with the TIA guidelines and
T1 procedures.

alarles Cook, Co-Chair, JEM on PCS Air Interfaces Standards

Wing La, Co-Chair, JEM on PCS Air Interfaces Standards
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5. CONTRIBUTIONS AND REFERENCE DOCUMENTS LIST

5.1 Contribution Documents List

NUMDER COMPANY

:00
101
:02 \Vjtl1drnwn

103 Withdrawn

:04 Incerdigitnl

105 Withdrawn

106 Imerdigit:u

:Oi Inrercligirru

:08 Rock."well

209 Rcd..'Well

210 Rockwell

211 Rocl.:weil

212 Rock.'Well

213 Rockwell

214 Rockwell

115 Withdrawn

216 Withdrawn

2li Bell Mobility

218 Ericsson

219 Ericsson

220 Ameriteeh

221 Ameritech

222 Motorola

223 ~'lotorola

224 Tdoouor

225 Telocmor

226 Telocator

227 TeIoc:uor

228 Telocator

TITLE

Ageml1

Contribution Register

Widldmwn

Withd.rnwn

Spectrum Sharing Using Dynamic Ca.pneity
Allocation

Withdmwn

PCS a-COMA System Overview

CDMA OverL1yNnderIay Cells Efficiency

Freq. Allocation Analysis #1

Freq. Allocmion Analysis #2

Requirement for Wireless Stmdards

Semiconductor Advances

Air Interface Considerations

PCS fnterworking

PCS and North American Cellular Glossary list of
Acronyms

Withdrnwn

Withdmwn

A Service Providers View on Multiple Air Interface

Wide Are:1 Packet Dam Service

DCS 1800 in Europe

Spectrum Anocmion for PeS

~c Trnnsmit Power for Licensed and Non·licensed
Devices

Proposed Method for Compmison and Evaluation of
Air Interface for PCS Applications

A Manufacturer's Viewpoint on the Possibility of Single
Air Interface for Multiple PCS Applicmions

Telocaror Sr.'llld.1tds Requirements Documents (SRDs) on
Aspects ofPersonnl Communic:uions Services

Tdocmor Position Regnrding PeS Spectrum Sharing!
Coordination Issues

T~chnicaI lssues Related to PCS Sharing with Fixed
Microwave Systems

Advanr.1ges of Single and Multiple CArs

An.llysis of Power Tmdeoffs
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229 Te!oc:ltor Non-Licensed Sh:lring Etiquette (Unlicensed Ptut 15)

230 Teloc:uor Teloc:uor Position on Timeline for Standards
Development

131 AT&T An Exp:msive View of PCS
.., ... .., AT&T A ZonnI Services Model for Wireless Access Imerfnces-.)-

.., ...... AT&T A CPE Non-licensed Application Profile for a Premises...).)

Air Inte..fnce

234 AT&T A CPE Non-licensed Prospective on a Single ..iJr
Inrertnce

..,....
AT&T Functional Architecture Model for PeS Wireless~)

Intertnce

136 TIPl.2 TIP I Rcferenc~ Architecture for Personal
Communications

237 Motorola Abstract of proposeu TDtvlAffDD Air Interface to meet
the PCS requirements in the U.S.

238 Mmorola Abstract of proposed FDMA(!1)D Common Air Interface
to meet the PCS requirements in the U.S.

239 Motorola PCS/Microwave Spectrum Sharing

240 US WEST Emphasis of JE~'[ Work on low-power Air Imerfnce(s)

241 Motorola The Motorola PPS-1800 Law Tier Wireless Personai
Ccommunication System

242 Mocorola Mororola PPS·1800 High -Tier Wireless Personal
Communication System

243 SW Bell Spectrum Sharing Methodology Requirements

244 SWBeU IrvLA.SS - Compatible PCN Protocols

245 SWBeU Applicnrions and Services Requirements for PCS

246 SWBeU Process for Development of PCS Air Interfnce Stand.vds

247 SWBeU Characteristics Required of an air interfnce
Sf:lnd.1!d for PeS

248 Motorola Mororola PCS System Using DS-CDMA

249 PeN America Interference CancelL'uion in Personal
Com munications

250 !EM Co-Chairs Personal Communic.1tions Services Fe:uure and Service
Description List

251 TR45.4 Functional Network Reference Model Template

252 NT! A Spectrum Management Methodology (SM1v1) for
Sp~ctrum Sh:ui.ng

253 NT! Cost Penalties of Multiple Air Interf.,ces

254 TlP1.3 TIPI S~rvice Description Work

255 CCIR TG8/1 CCIR Draft Opinion on NarionallRegional Support of
FPLMTS Efforts

256 CCIR TG8/1 CCIR Task Group8/l FPLMTS Work Progrnm
Infonnarion

257 CCIR TG8/1 Annex I "Charncterizmion of Radio Inlerf.1ces" ofCCm
Task Group 8/1 Drnft Recommendation on Radio
Interfaces for FPLMTS
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258 CCIR TGS/I CCIR Recommendation 816 ""Fmmework for Services
Supporteu on FPLMTS"

259 CCm. TG8/l CCIR Task Group 8/1 Liaison to CCIn Study Group 1
on FPLMTS Services

260 Telocator Telocator Wireless Access Charncterization Report

261 Telocator Stand.'Uds Requirements DocumentCommon Air Interfnce
for PeS

262 Telocator Teloc:tCor Spectrum Shnring Report: An Overview of
SpectrWn Sharing Technologies for the Emerging
Technoiogies Band

263 Teloc..-uor Spectrum Allocmion for Personal Communication
Services

2~ Bell Mobility The Unified Layers of Personal Communications

265 US West Critical Tasks for Physical Layer Stands. Development for
Wireless Access

266 TlP1.3 Technical Report for Low Power Wireless Access to
Personal Cornmunic:ltions Services System and Service
Objectives

5.2 Reference Documents List

Telocaror

TlPl.l

IEEE P802.11

FCC

FCC

FCC

Teloeator

PCS SRD

Omit Technical Report. Progrnm Management of
St..'lndnrds for Personal Communications

Functional Requirement.s

NPRM (92·9)

"Report :ll1U Order. Third NPRM (92-9)"

"NPRM and Tentative Decision (90-314. 92-100)"

Reference Network Archirecture
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Bellcore Roivn E. Co1I1Olhan 1 201 1~O·3967/6B60

Bellsouth Ent. Stephen M. Blust 1 708 516-245618318

Comm. Technologies Inc. Dou~ Donohoe 1 908 359·1010/9999

Coms:lt Th.,nos Kipreos 1 202 S63·6908/~S8·3814

Cox Ent. Inc. Thom:ls D. Smith 1 813 986-3600/3819

dbX Erik Goidman 1 314 1~6·05S5

Defense Info. Sys. A~encv SOlm George 1 90S 531-7119/7883

DISA Brian Choi 1 703 696·1907/1929

DISA Syed Rez:l Ali 1 703 481·3113/3354

DOS/Mitre Victor Muller 1 202 647·54621403~

.
Ericsson Filip Lindell 011 46 S 757-0859/18359

Ericsson H:lrry Mann 1 714 533·5188/5029

Ericsson Kevin Reynolds 1 214 952·869818785

Ericsson Kimberly Tennander 1 214 952·888618785

Ericsson GE PJul Runyon 1 919 990·7289/5481

FCC John Reed 1 202 653·7313/653·8773

FCC Lo1b Phil Inglis 1 301 344·34111212

GTE L:lbs John Ketchum 1 617 466·2929/2598

GTE Telecom Services Jeff Crollick 1 813 273-3136/288-7245

GTE Telephone Oper:ltions Norm.:Jn Epstein 1 214 718-6297/6398

Hit.:Jchi Telecom Bill SC:lles 1 404 446·8821/9103

Hughes Network Services Peter Nurse 1 301 428-5966/2801
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Interdi~it:ll Fr:lnk L.lmbrecht 1 516 333·0760

Interdigit.:ll Gil L.1 V e:ln 1 703 ·560-1316

Interdig;it<11 Timothv :'vfoore 1 516 553·0760

Loc:lte Don S:llemo 1 212 309·511515825

:'v!cC.lW :'vtike Bambur:lk 1 202 :::3·922219095

~1itel Corp. D:lve Perry 1 613 592·21221473~

~rotorob Inc. Amit Sen 1 202 371·6945/342-3573

~!otoro/01 Inc. Chuck Lvnk 1 517 :32·614S/6HS

~fotorolO1 Inc. D:lvid gorth 1 708 376·3894/8373

:\1 otoro I.l Inc. Gr:lh:lm H01ddock 1 817 :32·617716030

MotorolO1 Inc. Ken Felix 1 708 63:·5046/2906

MotorolO1 Inc. Mort Stem 1 708 632·5029/2906

Motoro/:I Inc. P:lul Muko 1 305 475·5104/4485

MotorolO1 Inc. Percy B<1tlival<1 1 305 475·371614485

Motorola Inc. Phil Rasky 1 70S 576·4580/8378

:\!otorola Inc. Ross Ruthenberg 1 708 376.7749/538-3106

:'vfocoro 101 Inc. Tony Akers 1 708 323·6254/6345

MotorolO1 Satellite Comm. Christine DiL<1pi 1 60! 732-416913046

MPR Teltech Mike Callendar 1 604 293·6271/5787

NEC Americ:! Stephen S. Jones 1 214 518·5016/5160

NEC Americ01 Inc. Ed Orneias 1 214 90i··U7514SS8

NIST Rich.:lrd L. Raybold 1 301 975·38621540·1357

Nofere Partners Ed Posner 1 818 356·485218670

Noki:l Veil Hatti Krivish 011 358 81 551-4411/5650

Noki01 CelJulu Systems Peter Muszynski 011 358 0 5704 2417
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NokiOJ Mobile Phones Heikki AhOJva 011 44 176 676626/677151

NokiOJ Mobile Phones Kimma ~yl1ym:lki 1 619 450-4020/3168

Northern Telecom 0.1 vid Steer 1 613 763-2901

Northern Telecom Ed Ehrlich 1 201 :92-5724/4160

Northern Telecom Wing Lo 1 214 684-5370/37-44

NSA Ft. Me.::lde Rick De.1n 1 301 688-0293/0259

NTIA/ITS Jim Hoffmeyer 1 303 497·3140/5995

NTtA/tTS Ken .~llen 1 303 491·5474

Nvnex Kim P.1pOJdopoulos 1 112 967·3622

Nynex Szu·Wei WOJn~ 1 9H 644-2262

Nynex Walter SIOIgle 1 914 644-2451

OKI Telecom David Erickson 1 404 995.9800/822-{)703

OKI Telecom Peter Howard 1 404 495-4800

Omnipoint LOj!;OJn Scott 1 719 548·1200/1393

POJcific Bell Asok Chatterjee 1 510 867·6625/830-9270

pOJcTel Corpo ration Steve Thomas 1 510 210·3702/3580

QU02lcomm Ephr:lim Zehavi 1 619 587-1121/597-5405

QU02lcomm MiUk Epstein 1 301 946·4059/6527

QUOJlcomm Robert Warren 1 619 587·11211597-8276

Rockwell IntemationOJI Quent Cassem 1 114 338.4117/6014

Rockwell International Tom Jones 1 714 833·635716169

Rogers Cantel Ed O'LeOJry 1 416 150·4629

Rogers C02ntel Mitch Wywiorski 1 416 963·7868/4987

ROLM Steve Sivitz 1 408 492-2585/3579

Sh02rp Prem Sood 1 206 834-870818696
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Siemens Rich.ud BIOIke 1 407 636·1299

SNET Cellular Georv:e Liberopoulos 1 203 333·766917563

Sony GC!ra rd Wahl 1 201 355·4985/01990

Southwestern Bell Tech. Res. Bill Litzinger 1314 329·7516/76701

Southwestern Bell Tech. Res. Chuck Bailey 1 314 329·75381i67-t

South western Bell Tech. Res. David Wi2lter 1 314 529·764417674

Southwestern Bell Tech. Res. Paul Lemson 1 3H 529-762417674

Southwestern Bell Tech. Res. SOl ied Kazaminejad 13H 519·7631176701

SpectTix Richard Lee 1 708 251-5373/5313

Sprint Jim Lord 1 913 62';·315318321

Telecomm Nat. Consult. ""'011 t Roehr 1 703 0135·1737 (both)

Telephone &: Data Systems DonOlld Porter 1 608 345·4040/4041

TIA Eric Schimmel 1 202 457-4990/4939

United StOltes Cellular John Heinz 1 312 399·497314984

US WEST Charles Cook 1 303 541-6213/6773

US WEST Dave Jones 1 303 740·64171173·6020
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